Dynamic monitoring of plant cover and soil erosion often uses remote sensing data, especially for estimating the plant cover rate (vegetation coverage) by vegetation index. However, the latter is influenced by atmospheric effects and methods for correcting them are still imperfect and disputed. This research supposed and practiced an indirect, fast, and operational method to conduct atmospheric correction of images for getting comparable vegetation index values in different times. It tries to find a variable free from atmospheric effects, e.g., the mean vegetation coverage value of the whole study area, as a basis to reduce atmospheric correction parameters by establishing mathematical models and conducting simulation calculations. Using these parameters, the images can be atmospherically corrected. And then, the vegetation index and corresponding vegetation coverage values for all pixels, the vegetation coverage maps and coverage grade maps for different years were calculated, i.e., the plant cover monitoring was realized. Using the vegetation coverage grade maps and the ground slope grade map from a DEM to generate soil erosion grade maps for different years, the soil erosion monitoring was also realized. The results show that in the study area the vegetation coverage was the lowest in 1976, much better in 1989, but a bit worse again in 2001. Towards the soil erosion, it had been mitigated continuously from 1976 to 1989 and then to 2001. It is interesting that a little decrease of vegetation coverage from 1989 to 2001 did not lead to increase of soil erosion. The reason is that the decrease of vegetation coverage was chiefly caused by urbanization and thus mainly occurred in very gentle terrains, where soil erosion was naturally slight. The results clearly indicate the details of plant cover and soil erosion change in 25 years and also offer a scientific foundation for plant and soil conservation.
Introduction
Dynamic monitoring of plant cover and soil erosion is very important for land use research and environment management. Plant cover monitoring has been conducted by using field observation, remote sensing, mathematic modeling, simulation, GIS, and GPS techniques [1] [2] [3] [4] [5] [6] [7] . Remote sensing techniques usually comprise visual airphoto or satellite image interpretation and digital image classification [8, 9] . Besides, various vegetation indices, especially the Normalized Difference Vegetation Index (NDVI) are also adopted and extensively used [10] [11] [12] [13] [14] [15] . And for soil erosion monitoring as an application of vegetation monitoring, GIS techniques and Universal Soil Loss Equation (USLE) with its various versions are often used too [16, 17] . Gaffer et al. [17] indicated that a geographical information system software package and a modified Universal Soil Loss Equation were used to estimate erosion potential. Winchell et al. [18] also stated that the GIS-based approach was shown to produce statistical distributions of the revised USLE length-slope factor values very similar to those described by the National Resources Inventory database of field measurements [16, 19] . Some researchers also pointed out the problems with the vegetation indices, e.g. their sensitivity to atmospheric conditions [13] ; their variation due to the sun angle [20] ; their variability induced by the topography [21] ; etc. As Rundquist [13] indicated, "the Normalized Difference Vegetation Index (NDVI) has been criticized because of its sensitivity to atmospheric conditions". Some insufficiencies also exist with other methods. For example, for the method of visual interpretation and digital classification, the quantization level and accuracy are still lower [22, 23] . Some researchers also pointed out the problems with the USLE method. As Saha [19] pointed out, "the greatest criticism has been its ineffectiveness in applications outside the range of conditions for which it was developed". And as Wang et al. [16] stated clearly, "because of the multiple factors, their interactions, and their spatial and temporal variability, accurately mapping the factors and further soil loss is very difficult".
Let us return to the method of vegetation index. We think that its main problem is the atmospheric effect. The index values computed from original satellite images in different times are incomparable because of the atmospheric effects, so the monitoring results by using the original vegetation index are generally far from the objective reality and unacceptable [23] . Consequently, the atmospheric correction is needed [13, 20] . Up to now numerous methods of atmospheric correction have been offered and applied and many useful results have been obtained [24, 25] . Generally speaking, these methods can roughly be divided into two categories: 1) more accurate methods such as the 6S model [26] ; 2) simpler methods such as the minimum value subtraction method [27] . However, more accurate methods generally demand so-called synchronous meteorological parameters, even through ground-measured reference data. But these data are difficult to acquire, very costly or provided only based on limited ground points. And especially for most historical satellite scenes, such data are not available and even for planned acquisitions, they may also be hard to acquire [25, 28] . Moreover, Mather [29] even indicated: "Several methods for the atmospheric correction of remotely-sensed images have been reported in the literature; none is universally applicable". Singh et al. [14] also mentioned: "Numerous algorithms have been developed for correction of noise due to different sources, … however, complete physical ground corrections for all the effects and for various land surfaces are not yet available." As to the less accurate methods, their corrected results do not have enough accuracy for our monitoring task (Zeng, 2004) [23] .
Since the late 1990s, along another train of thought, we have been developing and testing a new practical and fast method. It is another choice. In this method, the atmospheric correction of the vegetation index values is conducted by an indirect way with the help of seeking for one or more correct reference variables uninfluenced by atmosphere, e.g. the mean vegetation coverage value of whole study area. Based on the reference variable, the atmospheric correction parameters can be deduced and the images can be corrected. Then, using the corrected vegetation indices and corresponding vegetation coverage values, the vegetation monitoring can be realized. Vegetation coverage grade maps and ground slope grade map (from DEM) can generate soil erosion grade maps and so the soil erosion change in different years can be judged. In fact, the method of using vegetation coverage map and ground slope map to generate soil erosion map has been adopted by some other researchers. For example, Hazarika et al. [20] used to write: "A soil erosion model was developed to integrate NDVI and land slope to estimate the soil erosion rate and the vegetation cover is a major factor of soil erosion. Therefore, a Normalized Difference Vegetation Index derived from remote sensing (Landsat TM ) was used to assess the vegetation cover." Wang et al. [30] also described that "soil erosion was classified and arranged based on slope and vegetation coverage." Consequently, we think that the vegetation coverage and the ground slope are the two most important factors for soil erosion, because in the factors influencing soil erosion, the rain factor acts mainly through the slope steepness and vegetation coverage, the C factor is controlled mainly by the vegetation coverage, and even the effects of the P factor follow the changes of slope steepness and vegetation density.
To realize all the above tasks, a series of mathematic modeling and computer simulation are needed. For example, we should establish a relation between vegetation coverage and vegetation index in a so-called reference area by field measurement of vegetation coverage at numerous distributed and accurately positioned quadrates and then extend the relation to a study area by establishing other models. And due to different effects of atmosphere on different image bands, some so-called difference coefficients of atmospheric effects on different bands need to be estimated too.
This new method was originally and experimentally used in a case study area, the Lianshui basin (579.26 km 2 ) of Ganjiang River in Jiangxi Province, China. The results of soil erosion monitoring obtained by this method acthen we have been continuing to improve it. Now all the imperfections in the original version have been corrected greatly. The improved method and its procedures are presented in this paper.
Methodology

Study Area, Instruments and Materials
The study area is the city of Dandong and its suburbs, Liaoning Province, China (40˚N, 125˚E), totaling 909.89 Km 2 . Its shape looks like a balloon or the map of Brazil (refer to Figure 9 ). Along the eastern fringe of the area runs the Yalujiang River. The area resembles the conditions of humid temperate zone and is composed of inclining plains and undulating hills. These plains are occupied by agricultural land mainly composed of paddy fields with a very few gently sloping corn farms. The hills are covered by natural temperate forest, shrubs, and grasses. The tree species in the forest are mainly locust, white poplar, maple, oak, pine, China fir, etc. The city of Dandong is on the west bank of the river (the pink area in Figure 9 (b)). It must be declared and emphasized here that the study area comprises the Yalujiang River, which is jointly owned by both China and Korea, i.e. some islands belong to Korea and others belong to China. It forms complicated situations and thus none of the maps attached to this paper can be taken formally as the basis of the national boundary between the two countries.
Besides the study area, we have yet a so-called reference area. It is for conducting field measurements to obtain vegetation coverage data and using so-called reference images of ETM+ and SPOT of the area to establish so-called reference relation equations between vegetation coverage and vegetation index values. And in the area, we also used several sets of TM, ETM+ and SPOT images and corresponding atmosphere observation data to make atmospheric corrections with the TURNER model [24] for testing the so-called difference coefficients of atmospheric effects on different image bands, established by the mountain shadow histogram method [22, 23] . The reference area is located in the city of Nanjing and its surroundings, Jiangsu Province, China (32˚N, 119˚E) (refer to Figure 3) . It occupies an area of 3024 Km 2 and is composed of plains and undulating hills, which are scattered with large quantity of small lakes and reservoirs. Through the area run the Yangtze River and its small tributary Qinhuai River. In the center of the area there is the city of Nanjing. Around the city, there is vast land of agricultural crops and bare fields on plains and natural north-subtropical forest, shrubs and grasses on hills. The tree species in the forest are mainly oriental plane (sycamore), locust, poplar, maple, oak, ginkgo, pine, cedar, China fir, etc. 
A Variable Free from Atmospheric Effects:
The Mean Vegetation Coverage Value of the Study Area and Its Estimation
As the key and first step of the method, we should estimate the mean vegetation coverage value for the whole study area. This value is not affected by atmospheric effects, because it only refers to spatial distribution of vegetation and is always the same in a short period despite transparent or non-transparent atmosphere. Besides the mean vegetation coverage, there are also other variables which are not affected by atmosphere, e.g. the soil erosion amount or other ordinary geographic statistic for an area within or outside the study area [22, 23] . However, the mean vegetation coverage value for the study area is preferable, because it can be estimated directly from satellite image itself. There are several methods for estimating the mean vegetation coverage value. One is the method of visual interpretation. In this case it is enough to only use a color composite of very small scale and hence very small size. Another one is the method of dynamic color composition. This kind of composite is calculated by using the Heckbert Quantization Algorithm [32, 33] . We used to apply this kind of composites for determining vegetation coverage values in Lianshui basin, Jiangxi Province, China and found it having a very interesting and surprising function for calculating vegetation coverage. Here we only cite a figure of that research to show the potential of this composite in this respect. Figure 1 shows the histograms of ordinary (or standard) and dynamic color composites.
We can see that the two kinds of histogram are very different: for the standard color composites in different years, there is neither obvious difference in the distribution of image pixels along the gray level axes nor other significant difference; but for the dynamic color composites in different years, there is great difference in the distribution of image pixels along the gray level axes: more image pixels concentrated in the range of lower gray level values in 1987 when the vegetation coverage was the lowest (36.83%); then the more pixels moved towards the direction of higher gray level values in 1995 when the vegetation coverage became greater (54.87%); and last, more pixels concentrated in the range of the highest gray level values in 1996 when the vegetation coverage was the highest (60.71%). By using some specified threshold values in the histograms or using the average values of gray level, the mean vegetation coverage values of the study area for different years could be obtained and the results are almost the same as those determined by image classifications [23] . The third method is the classification. It is just what we choose of use in this research.
We take the ETM+ image of September 21, 2001 as an example for discussing the estimation. At first we used the ISO data algorithm in ENVI system to conduct an unsupervised classification for the images (geometrically corrected, pixel size = 30 m × 30 m). One of the most important classification tactics is to divide the classes as many as possible (20 -30 classes) , because the discrimination of vegetation and non-vegetation is based upon the resulting classes. If the number of classes is too small, then the number of pixels in each class would be big.
This would lead to a discrimination error. We divided the image into 21 classes. Table 1 lists the classification statistics and Figure 2 shows the broken lines of mean gray level values of each class in four classified bands (TM2, 3, 4 and 5).
There are also several methods for differentiating vegetation and non-vegetation according to the classification results, e.g. using the 4-dimensional vegetation index defined by Zeng [23] (refer to the last column of Table 1 ). However, in this research we only present the method of so-called class broken line analysis and discrimination. Let us look closely at The vegetation coverage value above or other reference variable value here only refers to the mean value of the whole study area and therefore there is only one value for one date's image of the study area and so it is easier to acquire. As for all pixels of the image, vegetation coverage values cannot be obtained like this because the above methods can not reach accuracy at the pixel level. Nevertheless, the mean vegetation coverage value for the whole area obtained like this is a good basis for deducing pixels' vegetation coverage values. How to deduce them on this basis? This is a thorny problem. But obviously, we need to use NDVI value as a bridge, because, just as Drake et al. [12] indicated, "NDVI is currently the only globally available remote sensing estimation of vegetation cover"; Singh et al. (2003) also stated: "NDVI has become the primary tool for mapping changes in vegetation cover".
A series of formulae, models, and simulation calculations are needed. We will talk about them next.
Specifying Expressions of NDVI and Other Variables for NDVI Calculation and Atmospheric Correction
For consistency of calculation, we need to fix the expressions of NDVI and other variables in advance. And for simplification of narration, we use V i to specify the NDVI. Suppose the atmospheric correctors for TM band 3 and TM band 4 are c 3 and c 4 respectively, then we have
We call a and b numerator corrector and denominator corrector respectively. From Formulae (1) and (2) we know:
Also for convenience of calculation, we define C as the mean corrector for visible band and infrared band, i.e.
The C, c 3 , c 4 , a, and b are the atmospheric correction parameters which we should solve. differences of atmospheric effects on visible and infrared bands. Tarpley et al. [10] stated briefly: "Atmospheric effects such as scattering by dust and aerosols, Rayleigh scattering and sub pixel-sized clouds all act to increase visible band values with respect to infrared band values and to reduce the computed vegetation indices NDVI". In other conditions, as Townshend et al. [11] pointed out, "reductions in irradiance due to atmospheric effects are higher for shorter wavelengths and thus the NDVI tends to be spuriously increased". These differences mean that we need to consider and estimate the so-called difference coefficients of atmospheric effects on different image bands, which are defined by us as the ratio of a band atmospheric corrector to the mean atmospheric corrector of all the considered bands, i.e. 3 3
The values of k 3 and k 4 have been estimated by us in consideration of the variation difference of gray level values of mountain shadows from one year to another in TM bands 3 and 4. They are respectively: k 3 = 1.1394, k 4 = 0.8606 (Zeng, 2001 (Zeng, , 2004 . In recent years, we have used TM and ETM+ images to conduct more experiments with the k 3 
Modeling the Relationship between Vegetation Coverage and Vegetation Index
The prerequisite of the modeling is having a fair amount of data pairs of vegetation coverage and vegetation index. We used to collect some vegetation coverage data of Xianju County, Zhejiang Province, China, from literature, calculate some corresponding vegetation index values and establish a quadratic regression equation [22, 23] . In this study, we did some field measurements in the reference area to get vegetation coverage values. We took the central reference area in Nanjing, China as our measure area ( Figure 3 ) and arranged more than forty measure quadrates (the size is 30 m × 30 m) for ETM+ image and over one hundred and forty quadrates (the size is 10 m × 10 m) for SPOT image. At these quadrates we used Canon Power Shot G5 camera and self-made special stand, hanger rod and hanger cradle to measure the vegetation coverage. Simultaneously, a GPS receiver Starlink Invicta 210 DGPS was used for accurate positioning [35, 36] . We chose two scenes of images on very clear days for computing corresponding vegetation index values, because the vegetation index values computed from this sort of images are less influenced by atmospheric effects and hence the established vegetation index-coverage relation would be more reliable for reference. Among the images in hand, which were received during the recent 15 years (1989~2004), the reception days of the ETM+ image on November 6, 2001 and the SPOT image on November 9, 2002 have the best atmospheric conditions: the visibility is higher, the atmosphere pressure is higher, the air temperature is lower, the relative humidity is lower and the vapor pressure is lower. So the sky is clear and the weather is excellent; especially at 8 o'clock which is very near the reception hour of images ( Table  2) . Thus, the two scenes of images were chosen as our reference ones. They were geometrically corrected (the pixel size is 30 m × 30 m for ETM+ image and 10 m × 10 m for SPOT image). According to the image reception times, our field measurements of vegetation coverage were all planned to be carried out in the same season (November 1-14, but year 2004). The distribution of sample sites in the reference area is shown in Figure 3 . After the measurements, Table 2 . Atmospheric conditions of reception days of some satellite images in the reference area (Nanjing City and its surroundings, China) and in the study area (Dandong City and its suburbs). we designed a special method for processing photos in laboratory [35, 36] . Finally, the data pairs of the vegetation index and vegetation coverage for all quadrates were obtained ( Table 3, The suitability of Equation (10) 
The suitability of Equation (11) is in the range of V i = −0.28946 -0.37023, i.e., V c = 0.00000 -1.00000 in practice or V i = −0.33932 -0.53497, i.e., V c = −0.01501 -1.06048 theoretically.
Equations (10) and (11) can be called reference equations, because they were figured out based on the reference image in the reference area. With these two equations and by using so-called intermediate or transitional equations relating the vegetation index values of the reference images in the reference area (Nanjing City area) to those of other images in other area (e.g., the city of Dandong and its suburbs), new relational equations between vegetation coverage and vegetation index, suitable for the new area, can be obtained.
Generally speaking, for monitoring vegetation and soil erosion change of an area in different periods, it is better to use the same kind of image and the same vegetation coverage-index relation. However, it is not easy for a longer-period monitoring as in our case. The period extended over 25 years from 1976 to 2001; but available to us, for 2001 there was only a scene of ETM+ images, for 1989 only a scene of TM images and for 1976 only MSS images existed. So we have to use different types of image simultaneously and the vegetation coverage-index relation established by ETM+ image for all the years. Nevertheless, the objective of using remote sensing image and related models has been achieved, i.e., to assign or "distribute" correct or rational vegetation coverage values to all pixels and simultaneously keep the mean vegetation coverage value of the study area unchanged (equaling the result of classification). In our study area, the Equation (11) for SPOT image was not used because of lack of SPOT image. However, the equation may be useful to users who have to use SPOT image for their work.
Modeling the Relation of Vegetation Index Values of the Reference Area and the Study Area and the Relation of Vegetation Coverage to Vegetation Index in the Study Area
The relation of vegetation index values of the reference area and the study area is an intermediate or transitional equation for connecting these two areas and popularizing and applying the reference Equation (10) or (11) Table 4 , left column). This special data set can be used to establish the relation of vegetation index values between the reference area and the study area or any other new area. Using the same procedures for the images of all the monitoring years in our study area respectively, we obtained the special data set for each year (in the middle and right columns of Table 4 ). For any other new area, the 12 special data can be easily obtained too. However, less specific data can also be accepted if it is rather difficult to get 12 data. By using the corresponding data pairs in Table 4 , we can figure out the relational regression equations of the vegetation index values between our study area and the reference area for different years. Generally speaking, the 3-order polynomial equations fit their data distribution very well. Thus we have 
In the equations above, V in , V id76 , V id89 , V id01 , and V idmean are the NDVI values respectively for year 2001 of Nanjing as the reference area and for years 1976, 1989, 2001 , and the 3-year average of Dandong as the study area. Figure 5 shows the curves of Equations (12)- (14) only.
The next we would like to talk about is the relationship of vegetation coverage to vegetation index in the study area. Theoretically, we might substitute V in of Equations (12)- (14) respectively for Equation (10) to obtain the relational equations. But in this case we will obtain three 7-order polynomial equations. The reduction will be a bit troublesome. In addition, the 7-order is too high so that the calculated values would be greatly varying and hence erroneous at the two ends of the curve. By making appropriate adaptation, we suppose the mean vegetation index values of the study area V id to be, for example, −0.7, −0.6, ···, 0, ···, 0.6, 0.7 and substitute these V id values for Equations (12)- (14) respectively to obtain the corresponding vegetation index values V in . Then, by substituting the V in values for Equation (10), we will obtain the corresponding vegetation coverage V c values. Finally, we use the data pairs of V id and V c to structure regression equations, which will be the relational equations of vegetation coverage to vegetation index for the study area. As an example, Figure 6 shows its curve. It should be noted that Equa- tion (16) and also the upcoming Equations (17) and (18) were all structured by regression method in form but mathematically in fact, because the data for structuring these equations were all mathematically calculated by Equations (12)- (14) and (10), respectively, and all the equations are fixed when being used, despite of their original regression property. Therefore, the correlation coefficients of Equations (16)- (18) are insignificant and not listed (the values of their correlation coefficients are nearly 1.0), even though these equations are still used as regression ones. Theoretically, the suitability of Equation (16) is in the range of V id76 = −0.70204 -0.64380, i.e. V c = −0.089387 -1.018948 (the lowest and the highest points of the curve in Figure 6 ). But in practical use, the suitable V id76 values should be −0.57134 -0.60024, i.e. V c = 0.00000 -1.00000.
Following the same procedures, the vegetation coverage-index relation equations for 1989 and 2001 were also figured out. They are respectively shown as follows: 
The suitability of Equation (17) 
Simulation Calculations, Atmospheric Corrections and Monitoring of Vegetation and Soil Erosion
The following work is conducting a series of simulation calculations and hence finding out relations of atmospheric correction parameters to vegetation index increments, and solving the due atmospheric correction parameters. After that, the atmospheric correction for images can be carried out, the correct vegetation index and coverage values for all pixels and their maps can be calculated and then the plant cover and soil erosion monitoring can be realized.
Results and Discussions
Simulation Results and Discussions
At the very beginning of simulation, we supposed a series of the mean corrector C values and then use Formulae (8), (9) , (3) and (4) 2) By using Equation (12), we obtained the vegetation index V in values and their maps, named V id01n .
3) Using the threshold values V i = −0.22528 -0.36572 of the reference Equation (10) to cut off the too small and too great V id01n values of the maps, making their vegetation coverage values in the range of 0 -1. Thus we obtained the cut vegetation index values and their maps V id01ncut . 4) By using Equation (10), we obtained correct vegetation coverage values and their maps, named V cd01ncut , but for convenience, simply named V cd01 .
After each of the simulative calculations, the histo- 
In the formula, the V i value which derived from the simulation process is regarded by us as the atmospherically corrected mean vegetation index value and the V i0 is the V i value when C = 0, i.e. the atmospherically uncorrected mean vegetation index value for the study area. The V id010 = 0.149239 (see Table 6 ). From Formula (19), we know that ΔV id01 = V id01 − 0.149239 for the image of 2001. In Table 6 , we only listed the simulated average values for the whole study area. Obviously the magnitude of ΔV i reflects the extent of atmospheric effects and theoretically we can deduce the atmospheric correction parameter from the ΔV i .
Using the same procedures and supposing C = 0, −1, −2, −3, −4, −5, −6 and C = −1, −2, −3, −4, −5, −6, −7 respectively, the simulative calculations for 1976 and 1989 can be also carried out and their simulated values and maps of V id76 , V id76n , V id76ncut , ΔV id76 , V cd76 and V id89 , V id89n , V id89ncut , ΔV id89 , V cd89 can be also obtained (not listed). It is necessary to mention that for the MSS image of 1976, we used formula V id76 = (MSS7 − MSS5 + a)/ (MSS7 + MSS5 + b) instead of formula (2) .
Based on the simulation data pairs in Table 6 
Note that all these equations are regression equations in form but almost mathematical equations in fact, because they were figured out based on the data calculated by corresponding equations in simulation. Therefore, the correlation coefficients of the Equations (20)- (22) 
Similarly, the correlation coefficients of Equations (23)- (28) are insignificant and not listed (nearly equaling 1). For year 2001, the mean vegetation coverage V cd01 of the whole study area from the classification was 0.7318. Substituting 0.73180000 (0.7318 is regarded as correct value) for V cd01 of Equation (20), we obtained the V id01 , i.e. the so-called correct or atmospherically unaffected mean vegetation index value of the study area in 2001, which equals 0.15468192 (we should reserve enough decimals in the simulation calculations in order to ensure the ultimate precision). However, the original or the atmospherically affected mean vegetation index value V id010 = 0.14923900 (also regarded as the correct value), so the increment value of the atmospherically unaffected mean vegetation index to the atmospherically affected mean vegetation index ΔV id01 = 0.00544292.
It is the ΔV id01 that is an indicator of the extent of atmospheric effects. From Equation (21) we know that the greater the ΔV id01 , the greater the mean atmospheric corrector C, and the greater the atmospheric effect. By substituting ΔV id01 = 0.00544292 for Equation (21), we obtained the mean corrector C = 0.91792822.
The paragraphs above have theoretically explained the mechanism of atmospheric influence and the pathway of its correction. However, in practice, it is better to directly use Equation (22) to obtain the C value from V cd01 because of more simplification and more precision in onestep calculation. Substituting V cd01 = 0.73180000 for Equation (22) Up to this step, all the atmospheric correction parameters for different years have been estimated.
Note that until now, the values which we have been seeking for are merely the mean values for the whole study area. That is to say, for one variable of one date or one year, only one value is needed. However, in the following steps, the values which we will be seeking for and dealing with are those for millions upon millions of pixels in the study area. Note that the difference of atmospheric effects within a scene of image is left out of consideration, because it is negligible.
Atmospheric Correction Results and Discussions
Still take the ETM+ image of Sept. Besides the above algorithm (including the model and procedure), we have also tried some other algorithms. We summarized them as follows.
Algorithm (1): Each-year model & two-step procedure, i.e. the algorithm described as above and just what we used as an example.
Algorithm (2): Each-year model & one-step procedure, i.e. using the synthesized one-step Equations (16)- (18) to directly convert the vegetation index values of the study area into the vegetation coverage values.
Algorithm (3): 3-year-mean model & two-step procedure, i.e. using Equations (15) and (10) 
Algorithm (7): 2-order model & two-step procedure. The 2-order model was also established by the data pairs in Table 3 
Algorithm (8): no-error model & two-step procedure. The no error-model is what was established by deleting some data pairs in Table 3 to make its calculated mean vegetation coverage value for the reference area equaling the classification-determined value for the area: 
The results derived from the eight algorithms above are very similar to each other. For simplification, Table 7 shows results of 6 algorithms only. Among the results, all the mean vegetation coverage values for each year in the study area (V c ) are exactly the same and equal those of the classification results, i.e. 65.62% in 1976, 75.07% in 1989 and 73.18% in 2001.
To see the effect of atmospheric correction, let us have a close look at the so-called atmospherically corrected and converted mean vegetation index values V incut (underlined digits in Table 7 = 0.2609) but very small on the image of 2001 (absolute ΔV i = 0.0105). This result is also in accordance with the atmospheric conditions of the image reception days (Table 2). For example, the clear day of September 21, 2001 in the study area was the finest and also the closest to the clear day of November 6, 2001 in the reference area; and at the same time, the absolute ΔV i is also the smallest.
On the other hand, we also see that in comparison to the uncorrected ones, the corrected mean vegetation index values are always smaller in 1976 and 1989 but greater in 2001. Correspondingly, the C correctors are negative in 1976 and 1989, but generally positive in 2001. This indicates that the atmospheric conditions of the image-record days in the study area (Dandong) were worse on 09-15-1976 and on 09-12-1989, but better on 09-21-2001 than those of the day when the reference image was recorded in the reference area (11-06-2001 in Nanjing). This point can also be verified by the meteorological data in Table 2 .
The image correction for different years in the study area serves to correct these images to the atmospheric conditions of the clear day of the reference image. Only after realizing this objective, can the results of vegetation index-coverage calculations be compared with each other and hereby be used for dynamic monitoring.
Results of Plant Cover and Soil Erosion Monitoring and Discussions
For monitoring of plant cover and soil erosion, the vegetation coverage grade maps, the soil slope grade map, and the soil erosion grade maps should be generated. The slope map was computed from a DEM, which was derived from digitization of topographic maps at the scale of 1:50,000 by an A0 digitizer. All the works was completed in the ENVI system and ArcGIS system. To grade the vegetation coverage, ground slope, and soil erosion, we adopted the criterion formulated and modified by some researchers [23, 30, 37] . Its vegetation coverage grades are <0.1, 0.1 -0.3, 0.3 -0.5, 0.5 -0.7, 0.7 -0.9, and >0.9; its ground slope grades are 0˚, 1˚ -3˚, Techniques   1483   3˚ -5˚, 5˚ -8˚, 8˚ -15˚, 15˚ -25˚, 25˚ -35˚, and >35˚ ; its soil erosion grades are: nearly none, slight, light, moderate, great, very great, serious. The relation of the soil erosion grades to the slope grades and the vegetation coverage grades is described in Table 8 .
Using the criteria of vegetation coverage grading and the vegetation coverage maps (images) described in section 3.2, the vegetation coverage grade maps for different years can be generated. The working steps are as follows (please refer to Appendix also):
1) Wiping off data outside the study area and converting the vegetation coverage image into a format acceptable by Arcmap (in ENVI).
2) Generating the vegetation coverage grade map (image) (in Arcmap).
3) Computing the histogram of vegetation coverage grade map to obtain its statistics (in ENVI).
4) Assigning colors to the vegetation coverage grades (in ENVI).
5) Output color vegetation coverage grade map (in ENVI).
The results of various algorithms are all close to each other. For simplification, Table 9 Then we inspect the changes of different vegetation coverage grades. For simplification, we only take the results of the algorithm of the each-year model & twostep procedure as an example. In Table 9 we can see that from 1976 to 1989, the vegetation of coverage < 70% decreased from 51.21% to 26.54%, decreasing by 48.17%; whereas the vegetation of coverage > 70% increased from 48.79% to 73.46%, increasing by 50.56%. This implies that the area of medium-low coverage of vegetation decreased greatly and the area of high coverage of vegetation increased greatly, leading to improvement of the plant cover status. However, from 1989 to 2001, the vegetation of coverage < 70% increased from 26.54% to 35.69%, increasing by 34.48%; while the vegetation of coverage > 70% decreased from 73.46% to 64.31%, decreasing by 12.46%. But the vegetation of coverage > 90% still increased from 27.65% to 37.58%, increasing by 35.91%. This implies that the area of medium-low coverage of vegetation increased to a great extent and the area of high coverage of vegetation decreased to some extent, but the area of very high coverage of vegetation still increased to a great extent. That is to say, the vegetation status became a little bit worse or was basically stable or in a dynamic equilibrium from 1989 to 2001. With a closer look at the change of vegetation coverage < 70%, we will see that the vegetation of coverage equaling 10% -30%, 30% -50%, and 50% - The increase of vegetation coverage or the improvement of environment in the period of 1976-1989 was inconsistent with the general pattern in China. In the latter half of the 1970s, the ecological environment reached its worst condition, then gradually taking a turn for the better until now, as revealed by research works of us and others in Jiangxi Province and Anhui Province of China [22, 23, 31, 38] . However, the decrease of vegetation coverage in the period of 1989-2001 was somewhat abnormal. The reason of the abnormality is that the study area is a city with its suburbs and besides, the suburbs are not large enough to attenuate the influences of urbanization. It is the urbanization that causes the abnormality. Since the 1980s, especially from the 1990s up to now, the city of Dandong and its suburbs have been seeing a more (Figure 8) , we can see the vegetation changes clearly. For example, in 1976 the vegetation coverage was the lowest, because the red, pink, and yellow colors (vegetation of coverage equaling 0.1 -0.7) occupied more areas, while the green and dark green colors (the vegetation of coverage > 0.7) being not so large. In 1989, the vegetation coverage became much better, as the decreases of the red, pink, and yellow colors and the increase of green and dark green colors revealed. However, in 2001, the area of red, pink and yellow colors increased again and the area of green colors decreased, too; but the area of dark green color (coverage > 0.9) increased greatly. This indicates that the increase of lower coverage was almost compensated by the increase of very high coverage. As a result, the overall vegetation coverage during 1989~2001 remained almost unchanged or in a state of balance.
In the following part, we talk about the monitoring of soil erosion. Based on the DEM derived from topographic maps and the existing vegetation coverage grade maps, we generated the slope map, slope grade map, and soil erosion grade maps. The working steps in detail are as follows (please refer to Appendix also): Figure 9 shows the colorful slope grade map and colorful DEM concurrently. The statistics of the slope grade map indicate that the study area is composed of flat land, inclined hills, and steep mountains. The flat land of 0˚ (<0.5˚ in fact) occupies around one-half of the area, i.e. 49.0641%; the slightly inclined land (1˚ -3˚) occupies 9.0593%; the lightly inclined land (3˚ -5˚) occupies 5.8539%; the moderately inclined land (5˚ -8˚) occupies 7.3014%; the very inclined slope land (8˚ -15˚) occupies 14.1595%; the steep land (15˚ -25˚) occupies 11.3512%; the very steep land (25˚ -35˚) occupies 2.8267%; and the extremely steep land (>35˚) only occupies 0.3839%. These terrain characteristics can be seen clearly on the DEM, which was overlapped by a special color composite. The latter was derived from a special data transformation developed by Z. Y. Zeng [39, 40] . On the composite, the three primary colors, i.e. the red, green and blue, denote the bare land, dense vegetation, and clear and deep water respectively. In turn, the three transitional colors, i.e. the yellow, pink and cyan, logically denote the sparse vegetation; wetland, turbid water, or buildings with shadows; and marsh, rice field, or other water surface plus aquatic plant. It should be emphasized that the relations of colors described here indicate those in optics or in colored light, not in dyestuff or pigment. In the latter, the three primary colors are red, yellow and blue; the three transitional colors are orange, purple, and green respectively [41] . Thus the DEM clearly shows the topography, terrain steepness, and ground cover of the study area as follows: in the north-east and south-west of the area, there are steeper mountains and hills covered by dense vegetation (green color). Between the mountains there is a river-let valley named Wulong, where gentle slopes or flat land are situated and ground is bare or with bright mature crops on it (red color). And at many places of the mountains, hills, and valley, there is also scattered sparse vegetation (yellow color) but its space extent is limited. Along the south-east edge of the area is the Yalujiang River (blue color) and its low and flat valley, where the city of Dandong and some towns are situated (pink color). Finally, at the southern end of the area, there is lower and flat land with vast paddy fields on it (cyan color). Table 10 lists the soil erosion grades for different years, calculated by three algorithms only. We still take the result of the each-year model & two-step procedure as an example for discussing soil erosion change. Figure  10 shows the color maps of soil erosion grades for different years. Please note that 49.0641% of the study area belongs to the grade of nearly-none erosion and it is always the same for all the monitoring years, because 49.0641% of the area lies in the flat land with slope of 0˚. This kind of land has even turned into deposition areas in many places, despite how the vegetation coverage is on it.
In the period from 1976 to 1989 and then to 2001, the overall area of erosion land, i.e. the sum of light, moderate, great, very great, and severe erosions decreased from 35.36% to 25.43% and then to 18.53%. In other words, the erosion land was reduced by 47.60% in the period of tion coverage was still magnified. As a synthetic result, the area of soil erosion for the overall region tends to be reduced.
From Figure 10 we can see clearly that the soil erosion had been mitigated from 1976 to 1989 and then to 2001. This is revealed in the decrease of pink and red colors, i.e. light and moderate erosion areas and in the increase of the yellow colors, i.e. slight erosion area from 1976 to 1989 and then to 2001. Simultaneously, the areas of cyan, blue, and maroon colors, i.e. great, very great, and severe erosion grades have all changed but their space extent is too small to be visualized in Figure 10 unless the figure is enlarged. Note that from 1989 to 2001, the increase of vegetation coverage 0.1 -0.5 (the red and pink colors in Figure 8) did not, by no means, lead to the increase of light and moderate erosion (pink and red colors in Figure 10 ). The reason for this has been explained.
Finally, we say several words about credibility of the method. The method was originally developed before the year 2001. It has been used and tested in the Lianshui basin of Jiangxi Province, China. Its monitoring results were compared with those of other researchers [31] and the comparison has proved that this method is correct, reliable, and more precise [22, 23] . And now the method has been improving greatly in recent years. So the present method should be more perfect and precise than its original version and thus the present monitoring results should suit the actual conditions all the more. However, in the city of Dandong and its suburbs, there is no other researcher's result in the same space extent and same time interval to be compared with our results. Nevertheless, fortunately, few existing unpublished data with the whole Dandong Municipality (14685.2 Km 2 ), a part of which is our study area (909.9 Km 2 ), can be used to be compared with our results roughly. According to the unpublished reports of the Bureau of Soil and Water Conservation, Liaoning Province, September 29, 1997 and the Bureau of Water Resource, Dandong Municipality, January 11, 2000 and May 23, 2000, the soil erosion area, i.e. the sum of light, moderate, great, very great, and serious grade for the whole Dandong Municipality decreased from 33.4% in 1986 to 27.0% in 1996, and then to <27.0% in 2000 (visual air-photo interpretation result). According to our results, the soil erosion area for our study area decreased from 35.4% in 1976 to 25.4% in 1989, and then to 18.5% in 2001. When we put the two series of data together in an order, they were 35.4% in 1976, 33.4% in 1986, 25.4% in 1989, 27.0% in 1996, <27.0 in 2000, and 18.5% in 2001. It is obvious that the general trends and magnitudes of soil erosion change in the whole region (Dandong Municipality) and in the partial region (our study area) are consistent and almost fit to each other, even though the two series of data came from different space extent, different time interval, different researchers, and yet different methodology. We have also noticed that a few of the data drift a bit off the normal order of magnitude, i.e. the 27.0% in 1996 for Dandong Municipality was a bit greater than the 25.4% in 1989 for our study area. This may be caused by greater erosion in some areas outside the city of Dandong and its suburbs.
Summary and Conclusions
1) Traditional method of plant cover and soil erosion monitoring is mainly the visual photo or image interpretation or image classification. The accuracy of monitoring is lower and the amount of work is great. One may also adopt the USLE equation method. However, its ineffectiveness in applications outside the range of conditions for which it was developed and the hard evaluation of its factors K, C, P and L restrict its application. It is for these reasons that we suggested a new method as one of choices. This method suggests finding one or more variables free from atmospheric effects as a starting point to reduce atmospheric correction parameters. This is an indirect, fast and operational way, through a series of modeling, simulation and correction, to obtain the due atmospheric correction parameters and then correct images, calculate vegetation index and vegetation coverage values for all pixels, so that the monitoring of vegetation and soil erosion can be realized effectively.
2) We have already found some variables free from atmospheric effects, e.g. the mean vegetation coverage value of the whole study area. The latter is only the spatial distribution of vegetation and can be obtained directly from the satellite image itself. For one-date image of a study area, only one value of the mean vegetation coverage is needed. So it is easier to acquire, e.g. in this study it was acquired by unsupervised classification and broken line analysis.
3) Using the mean vegetation coverage values for the study area as a starting point, one can conduct a series of simulative calculations, so that the corresponding correct mean vegetation index values and the due atmospheric correction parameters for the area can be deduced. However, to conduct the simulative calculations, one needs a series of models in advance. All the needed models, e.g. the models of relation between vegetation coverage and vegetation index, the models of relation of vegetation index values between the reference area and the study area (or any other new area), the difference coefficients of atmospheric effects on different bands, etc., have been established in this research. 7) The essence of atmospheric correction in this method is that using vegetation index values in a clear day and corresponding vegetation coverage values to establish a vegetation index-coverage relation, the relation can be regarded as a standard one in a clear day; and then correcting vegetation index values of other area to be appropriate for the standard relation, the corrected vegetation index values can be regarded as ones of a clear day.
8) For this method to be perfected and extensively applied, some research works are still needed. However, as we have emphasized, the essence of this method is to acquire the so-called correct mean vegetation coverage value free from atmospheric effects for the study area and then based on this value to rationally "assign" or "distribute" appropriate vegetation coverage values to all pixels. So the atmospheric correction and the vegetation index calculation are merely a means or bridge for fulfilling this task. Therefore, other things are not so important, provided the more rational "distribution" work is done. Even so, the atmospheric correction and vegetation index calculation by this method are still credible.
